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(54) Hybrid implementation for error correction codes within a non-volatile memory system 



(57) Methods and apparatus for using different error 
correction code algorithms to encode and to decode 
contents of blocks within a non-volatile memory are dis- 
closed According to one aspect of the present inven- 
tion a method for storing data within a non-volatile 
memory includes Identifying a first block into which the 
data is to be stored, and obtaining an indicator associ- 



ated with the first block. A determination may then be 
made regarding whether the indicator indicates that the 
data is to be encoded using a first algorithm. The data 
is encoded using the first algorithm when it is deter- 
mined that the data is to be encoded using the first al- 
gorithm, after which point the data encoded using the 
first algorithm is written into the first block. 
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blocks. Ihe plurality of blocks including a first block, 

the first block including data; 

code devices for identifying the first block: 

code devices for obtaining an indicator associated 

with the first block: 

code devices for determining when the indicator in- 
dicates that the data has been encoded using a first 
algorithm; 

code devices for decoding the data using the first 
algorithm when it is determined that the data has 
been encoded using the first algorithm, and 
a memory area that stores the code devices, 

[0020] Another aspect of the invention provides a 
memory system comprising: 

a non-volatile memory including a plurality of 
blocks, the blocks including a first block and a sec- 
ond block, the first block including a first set of con- 
tents encoded using a first algorithm, the second 
block including a second set of contents encoded 
using a second algorithm, wherein the non-volatile 
memory further includes a data structure that is ar- 
ranged to indicate that the first set of contents is en- 
coded using the first algorithm and that the second 
set of contents is encoded using the second algo- 
rithm: 

code devices for accessing the data structure, 
wherein the code devices for accessing the data 
structure include code devices for determining that 
the first set of contents is encoded using the first 
algorithm and code devices for determining that the 
second sei of contents is encoded using the second 
algorithm; and 

a memory area that stores the code devices. 

[0021] These and other advantages of the present in- 
vention will become apparent upon reading Ihe following 
detailed descriptions and studying the various figures of 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Preferred embodiments of the invention will 
now be described with respect to the accompanying 
drawings in which: 

Fig. 1a is a diagrammatic representation of a gen- 
eral host system which includes a non-volatile 
memory. 

Fig. 1b is a diagrammatic representation a memory 
device, e.g.. memory device 120 of Fig 1a. 
Fig. 1c is a diagrammatic representation of a host 
system which includes an embedded non-volatile 
memory. 

Fig. 2a is a process flow diagram which illustrates 
a method of writing user data into a block using ei- 
ther a 1-bit or 2-bit ECC in accordance with an em- 
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bodiment of the present invention. 
Fig. 2b is a process flow diagram which illustrates 
one method of reading contents from a block within 
a system in which the contents may either be en- 
coded using a 1-bit ECC algorithm or a 2-bit ECC 
algorithm in accordance with an embodiment of the 
present invention. 

Fig. 3 is a process flow diagram which illustrates 
one method for initializing a memory system in 
which contents of blocks may be encoded using a 
hybrid ECC implementation in accordance with an 
embodiment of the present invention. 
Fig. 4a Is a diagrammatic block diagram represen- 
tation of a process of reclaiming unusable blocks in 
accordance with an embodiment of the present in- 
vention. 

Fig. 4b is a diagrammatic representation of a portion 
of an erase count block in accordance with an em- 
bodiment of the present invention. 
Fig, 5a is a process flow diagram which illustrates 
one method of writing to a block within a system in 
which there may be reclaimed blocks and data may 
be encoded using either a 1 -bit ECC algorithm or a 
2-bit ECC algorithm in accordance with an embod- 
iment of the present invention. 
Fig. 5b is a process flow diagram which illustrates 
one method of reading contents from a block which 
may be a reclaimed block and may have contents 
that are encoded either using a 1 -bit ECC algorithm 
or a 2-bit ECC algorithm in accordance with an em- 
bodiment of the present invention. 
Fig. 6 is a process flow diagram which illustrates 
one method of initializing a memory system with a 
hybrid ECC implementation that includes reclaimed 
blocks in accordance with an embodiment of the 
present invention. 

Fig. 7 is a diagrammatic block diagram representa- 
tion of a system architecture in accordance with an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0023] An error correction code (ECC) algorithm such 
as either a 1 -bit ECC algorithm or a 2-bit ECC algorithm 
is often used to encode data to be stored into a physical 
block of a no n- volatile memory, and to decode stored 
data. The use of ECC algorithms generally enables the 
accuracy of data stored within a physical block to be im- 
proved. The use of a more calculation-intensive 2-bit 
ECC algorithm may be preferred to a less calculation- 
intensive 1-bit ECC algorithm due to the ability to of a 
2-bit ECC algorithm to correct more erroneous bits that 
may be corrected using a 1-bit ECC algorithm. The im- 
plementation of a 2-bit ECC algorithm, however, while 
providing increased error correction capabilities, is more 
expensive than a 1-bit ECC algorithm in terms of a 
number of calculations and power requirements. 
[0024J In many cases, when a block into which data 
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non-volatile memory Includes identifying a first block in- 
to which the data is to be stored, and obtaining an indi- 
cator associated with the first block. A determination 
may then be made regarding whether the indicator indi- 
cates that the data is to be encoded using a first algo- 
rithm. The data is encoded using the first algorithm when 
it is determined that the data is to be encoded using the 
first algorithm., after which point the data encoded using 
the first algorithm is written into the -irst block. 
[0012] In one embodiment, the method also includes 
encoding the data using a second algorithm when it is 
determined that the data is not to be encoded using the 
first algorithm, and writing the data encoded using the 
second algorithm into the first block. In such an embod- 
iment, the first algorithm may be a 1 -bit error correction 
code (ECC) algorithm and the second algorithm may be 
a 2-bit ECC algorithm. 

[0013] By enabling data stored in blocks of a non-vol- 
atile memory system to be encoded using different ECC 
algorithms on a block-by-block basis, some blocks with- 
in the memory system may be encoded using a 1-bit 
ECC algorithm while other blocks may be encoded us- 
ing a 2-bit ECC algorithm. A 1-bit ECC algorithm, or a 
less calculation-intensive algorithm, is used to encode 
data that is to be stored into blocks which have not been 
through a relatively high number of erase operations, 
while a 2-bit ECC algorithm, or a more calculation-inten- 
sive algorithm, is used to encode data that is to be stored 
into blocks which have been through a relatively high 
number of erase operations. Since a 2-bit ECC algo- 
rithm generally allows data to beencoded and decoded 
more accurately than a 1-bit ECC algorithm, using a 
2-bit ECC algorithm to encode data to be stored on 
blocks which are nearing the end of their usability ena- 
bles the performance associated with the blocks to be 
improved. When a 1 -bit ECC algorithm is not used when 
a block is not near the end of its usability, the number of 
calculations needed to store and to read data from such 
a block may be reduced, thereby allowing the overall 
speed of read and write processes to be improved and 
reducing power requirements associated with the mem- 
ory system. 

[0014] According to another aspect of the present In- 
vention, a method for reading data within a non-volatile 
memory of a memory system includes identifying a first 
block from which data is to be rcad : obtaining an indi- 
cator associated with the first block, and determining 
when the indicator indicates that the data stored in the 
first block has encoded using a first algorithm. The meth- 
od also includes decoding the data using the first algo- 
rithm when it is determined that the data has been en- 
coded using the first algorithm. In one embodiment, the 
method further includes decoding the data using a sec- 
ond algorithm when it is determined that the data has 
not been encoded using the first algorithm. 
[0015] In another embodiment, the indicator is ar- 
ranged to indicate when the block is a reclaimed block. 
When the block is a reclaimed block the indicator is fur- 
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trer arranged to indicate that the data has been encod- 
ed using the second algorithm. In still another embodi- 
ment, the indicator is arranged to indicate a number of 
times the block has been erased. In such an embodi- 

5 ment, determining when the indicator indicates that the 
data has been encoded using the first algorithm may al- 
so include determining when the indicator is less than a 
threshold value. When the indicator is less than the 
threshold value, the implication is that the data has been 

w encoded using the first algorithm. 

[001 6] According to still another aspect of the present 
invention, a memory system includes a non-volatile 
memory which includes a first block and a second block. 
The first block includes a first set of contents encoded 

'5 using a first algorithm, and the second block includes a 
second set of contents encoded using a second algo- 
rithm. The non-volatile memory also includes a data 
structure, e.g., an erase count block, that is arranged to 
Indicate that the first set of contents Is encoded using 

zo the first algorithm and that the second set of contents is 
encoded using the second algorithm. The memory sys- 
tem further includes code devices for accessing the data 
structure. Such code devices include code devices for 
determining that the first set of contents is encoded us- 

'?5 ing the first algorithm and code devices for determining 
that the second set of contents is encoded using the sec- 
ond algorithm. 

[0017] Another aspect of the invention provides a 
memory system comprising: 

30 

a non-volatile memory including a plurality of 
blocks, the plurality of blocks including a first block; 
code devices for identifying th e first block into which 
data is to be stored; ^ 
35 code devices for obtaining an indicator associated 
with the first block; 

code devices for determining when the indicator in- 
dicates that the data is to be encoded using a first 
algorithm; 

40 code devices for encoding the data using the first 
algorithm when it is determined that the data is to 
be encoded using the first algorithm; 
code devices for writing the data encoded using the 
first algorithm into the first block; and 

45 a memory area that stores the code devices. 

[001 8] Preferably, the memory further includes: 

code devices for encoding the data using a second 
50 algorithm when it is determined that the data is not 
to be encoded using the first algorithm; and 
code devices for writing the data encoded using the 
second algorithm into the firs block. 

55 [0019] Another aspect of the invention provides a 
memory system comprising: 

a non-volatile memory including a plurality of 



EP 1 424 631 A1 



3 



BNSDOCID:<£P ,1424631 A1 .!.> 



4 



9 EP 1 424 631 A1 10 



memory, is arranged to store data such that data may 
be accessed and read as needed. Data siored in non- 
volatile memory 1 24 may also be erased as appropriate, 
although it should be underslood that some data in non- 
volatile memory 124 may not bo erasable. The process- 
es of storing data : reading data : and erasing data are 
generally controlled oy memory control system 128 or. 
when memory control system 128 is not present, by soft- 
ware executed by microprocessor 108. The operation 
of non-volatile memory 124 may be managed such that 
the lifetime of non-volatile memory 124 is substantially 
maximi7ed by essentially causing sections of non-vola- 
tile memory 124 to be worn out substantially equally. 
[0032] Non-volatile memory device 1 20 has generally 
been described as including an optional memory control 
system 128. i.e.. a controller. Often, non-volatile mem- 
ory device 120 may include separate chips for non-vol- 
atile mer ; ory 124 and memory control system 128 r i.e., 
controller, functions. By way of example, while non-vol- 
atile memory devices including, but not limited to ; PC 
cards. CompactFlash cards. MultiMedia cards, and se- 
cure digital cards include controllers which may be im- 
plemented on a separate chip, other non-volatile mem- 
ory devices may not include controllers that are imple- 
mented on a separate chip. In an embodiment in which 
non-volatile memory device 120 does not include sep- 
arate memory and controller chips, the memory and 
controller functions may be integrated into a single chip, 
as will be appreciated by those skilled in the art. Alter- 
natively, the functionality of memory control system 128 
may be provided by microprocessor 1 08, as for example 
in an embodiment in which non-volatile memory device 
120 does not include memory controller 128. as dis- 
cussed above. 

[0033] With reference to Fig. 1 b, non-volatile memory 
device 120 will be described in more detail in accord- 
ance with an embodiment of the present invention. As 
described above, non-volatile memory device 120 in- 
cludes non-volatile memory 124 and may include mem- 
ory control system 128. Memory 124 and control system 
128. or controller, may be primary components of non- 
volatile memory device 120. although when memory 
124 is an embedded NAND device such as an embed- 
ded MLC NAND memory, for example, non-volatile 
memory device 1 20 may not include control system 1 28. 
Memory 124 may be an array ot memory cells formed 
on a semiconductor substrate, wherein one or more bits 
of data are stored in the individual memory cells by stor- 
ing one of two or more levels of charge on individual 
storage elements of the memory cells. A non-volatile 
flash electrically erasable programmable read only 
memory (EE PROM) is an example of a common type of 
memory for such systems. 

[0034] When present, control system 128 communi- 
cates over a bus 15 to a host computer or other system 
thai is using the memory system to store data. Bus 15 
is generally a part of bus 1 04 of Fig. 1a. Control system 
128 also controls operation of memory 124. which may 



include a memory cell array 11 , to write data provided 
by the host, read data requested by the host and perform 
various housekeeping functions in operating memory 
124. Control system 128 generally includes a general 
5 purpose microprocessor which has associated non-vol- 
atile software memory, various logic circuits, and the 
like. One or more state machines are often also included 
for controlling the performance of specific routines. 
[0035] Memory cell array 1 1 is typically addressed by 
io control system 128 or microprocessor 108 through ad- 
dress decoders 1 7. Decoders 1 7 apply the correct volt- 
ages to gate and bit lines of array 1 1 in order to program 
data to, read data from , or erase a group of memory cells 
being addressed by the control system 128. Additional 
'5 circuits 1 9 include programming drivers that control volt- 
ages applied to elements of the array that depend upon 
the data being programmed into an addressed group of 
cells. Circuits 1 9 also include sense amplifiers and other 
circuits necessary to read data from an addressed group 
20 of memory cells. Data to be programmed into array 11 , 
or data recently read from array 1 1 , are typically stored 
in a buffer memory 21 within control system 128 Control 
system 128 also usually contains various registers for 
temporarily storing command and status data, and the 
2S like. 

[0036] Array 11 is divided into a large number of 
BLOCKS 0 - N memory cells. As is common for flash 
EEPROM systems, the block is typically the smallest 
unit of erase. That is, each block contains the minimum 
zo number of memory cells that are erased together. Each 
block is typically divided into a number of pages. As will 
be appreciated by those skilled in the art, a page may 
be the smallest unit of programming. That is, a basic 
programming operation writes data into or reads data 
3s from a minimum of one page of memory cells. One or 
more sectors, of data are typically siored within each 
page. As shown in Fig. 1 b, one sector includes user data 
and overhead data. Overhead data typically includes an 
ECC that has been calculated from the user data of the 
40 sector. A portion 23 of the control system 128 calculates 
the ECC when data is being programmed into array 11 , 
and also checks the ECC when data is being read from 
array 11 . Alternatively, the ECCs are stored in different 
pages, or different blocks, than the user data to which 
45 they pertain. 

[0037] A sector of user data is typically 51 2 bytes, cor- 
responding to the size of a sector in magnetic disk 
drives. Overhead data, or redundant data . is typically an 
additional 1 6 bytes. One sector of data is most common- 
so |y included in each page but two or more sectors may 
instead form a page. Any number of pages may gener- 
ally form a block. By way of example, a block may be 
formed from eight pages up to 51 2, 1 024 or more pages. 
The number of blocks is chosen to provide a desired 
55 data storage capacity for the memory system. Array 1 1 
is typically divided into a few sub-arrays (not shown), 
each of which contains a proportion of the blocks, which 
operate somewhat independently of each other in order 
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is stored is relatively young and., hence, has not been 
subjected to a relatively high number of erase cycles, a 
1-bit ECC algorithm may be sufficient to ensure the in- 
tegrity of much of the data . As such, the implementation 
of a 2-bit ECC algorithm may not be necessary. Howev- s 
or. as a block gets older and has been subjected to a 
relatively high number of erase cycles, a 1 -bit ECC al- 
gorithm may not be sufficient to ensure a desired level 
of data integrity, and the use of a 2-bit ECC algorithm 
may significantly improve the integrity of the data. 
[0025] A hybrid ECC implementation enables ECC al- 
gorithms used to encode and to decode data to be dy- 
namically switched. Specifically, in one embodiment, 
data stored in blocks which have undergone a relatively 
low number of erase cycles may be encoded using a 
less calculation-intensive and less accurate algorithm, 
e.g.. a 1-bit ECC algorithm, while biocks which have un- 
dergone a relatively high number of erase cycles may 
be encoded using a more calculation-intensive and 
more accurate algorithm, e.g.: a 2-bit ECC algorithm. By 
dynamically determining when data is to be encoded us- 
ing a more accurate algorithm such as a 2-bit ECC al- 
gorithm instead of a "default" algorithm, e.g., a less ac- 
curate algorithm such as a 1-bit ECC algorithm, the al- 
gorithm chosen to encode data to be stored in a partic- 
ular block may be selected depending upon character- 
istics of rhe particular block, and the more accurate al- 
gorithm may effectively be used when it would provide 
a substantial benefit. For example, if a block is nearing 
the end of its projected usable life, using a 2-bit ECC 
algorithm to encode data to be stored into the block may 
improve the accuracy or integrity of the data stored in 
the block, and may also allow the usable life of the block 
to be potentially extended. Further, by using a less cal- 
culation-intensive algorithm to encode data to be stored 
m blocks which are not nearing the end of their usable 
lives, the power requirements of an overall memory sys- 
tem may be reduced, thereby improving the endurance 
of the overall memory system. 

[0026] In one embodiment, a threshold erase count 
or a threshold number of erase cycles may be used as 
an indicator of whether to use a less calculation-inten- 
sive and lower accuracy ECC algorithm or a more cal- 
culation-intensive and higher accuracy ECC algorithm 
to encode data to be written into a block. When a com- 
parison of the number of erase cycles undergone by the 
block with the threshold number indicates that the block 
has undergone more erase cycles than the threshold 
number, then the higher accuracy ECC algorithm may 
be used, as the block may be considered to be near the 
end of its usable life. 

10027] Flash memory systems or, more generally, 
non-vofatile memory devices which may use a hybrid 
ECC implementation that allows blocks within a system 
to be encoded using different ECC algorithms generally 
include flash memory, e.g., NAND or MLC NAND. cards 
and chip sets. Typically, flash memory systems are used 
in conjunction with a host system such that the host sys- 



tem may write data to or read data from the flash mem- 
ory systems. However, some flash memory systems in- 
clude embedded flash memory and software which ex- 
ecutes en a host to substantially act as a controller for 
the embedded flash memory, as will be discussed below 
with respect to Fig. 1c. Referring to Fig. 1a, a general 
host system which includes a non-volatile memory de- 
vice, e.g., a CompactFlash memory card, will be de- 
scribed. A host or computer system 100 generally in- 
cludes a system bus 1 04 which allows a microprocessor 
108, a random access memory (RAM) 112, and input/ 
output circuits 116 to communicate. It should be appre- 
ciated that host system 1 00 may generally include other 
components, e.g., display devices and networking de- 
vice, which are not shown for purposes of illustration. 
[0028] In general, host system 100 may be capable 
of capturing information including, but not limited to : still 
image information, audio information, and video image 
information. Such information may be captured in real- 
time, and may be transmitted to host system 100 in a 
wireless manner. While host system 100 may be sub- 
stantially any system, host system 1 00 is typically a sys- 
tem such as a digital camera, a video camera, a cellular 
communications device, an audio player, or a video 
player. It should be appreciated, however, that host sys- 
tem 100 may generally be substantially any system 
which stores data or information, and retrieves data or 
information. 

[0029] Host system 1 00 may also be a system which 
either only captures data, or only retrieves data. That is, 
host system 100 may be, in one embodiment, a dedi- 
cated system which stores data, or host system 1 00 may 
be a dedicated system which reads data. Byway of ex- 
ample, host system 1 00 may be a memory writer which 
is arranged only to write or store data. Alternatively, host 
system 100 may be a device such as an MP3 player 
which is typically arranged to read or retrieve data, and 
not to capture data. 

[0030] A non-volatile memory device 120 which, in 
one embodiment is a removable non-volatile memory 
device, is arranged to interface with bus 1 04 to store 
information. An optional interface block 130 may allow 
non-volatile memory device 120 to interface indirectly 
with bus 104. When present, input/output circuit block 
116 serves to reduce loading on bus 104, as will be un- 
derstood by those skilled in the art. Non-volatile memory 
device 120 includes non-volatile memory 124 and an 
optional memory control system 128. In one embodi- 
ment, non-volatile memory device 120 may be imple- 
mented on a single chip or a die. Alternatively, non-vol- 
atile memory device 120 may be implemented on a mul- 
ti-chip module, or on multiple discrete components 
which may form a chip set and may be used together as 
non-volatile memory device 120. One embodiment of 
non-volatile memory device 120 will be described below 
in more detail with respect to Fig. 1b. 
[0031] Non-volatile memory 124. e.g., flash memory 
such as NAND flash memory or an MLC NAND flash 
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then the data in the block is decoded using a 1-bit ECC 
algorithm in step 256. Once the data is decoded using 
the 1 -bit ECC algorithm, the process of reading contents 
•rom a block is completed. Alternatively, if it is deter- 
mined in step 252 that tnc erase count is not below the 
threshold, then the indication is that the data was en- 
coded using a 2-bit ECC algorithm. Accordingly, in step 
260. the data in the block is decoded using a 2-bit ECC 
algorithm After the data is decoded, the process of 
reading data from a block is completed. 
[0046] During the course of operation of a memory 
system, in order to prolong the life of a non-volatile mem- 
ory of the memory system, static blocks, or blocks which 
are rarely updated or erased, may be identified. Such 
static blocks may be identified as being unlikely to be 
updated and : hence, the contents of such static blocks 
may oe copied into blocks with relatively high erase 
counts. By copying the contents of static blocks into 
blocks with relatively high erase counts, the static blocks 
may effectively be recycled for use. Further, storing the 
contents of static blocks into blocks with relatively high 
erase counts may prove to be an efficient use of the 
blocks with relatively high erase counts, since the con- 
tents are not likely to be updated and erased, thereby 
prolonging the life of the biocks with relatively high erase 
counts. The swapping of static blocks with blocks which 
have relatively high erase counts is discussed in co- 
pending U.S. Patent Application No. 10/281,739. 
[0047] Often, the swapping of static blocks with blocks 
which have relatively high erase counts may be per- 
formed when a memory system is initialized, c.g. t when 
a memory system is powered up after having been pow- 
ered down. With reference to Fig. 3. one initiali7ation 
process for a memory system in which contents of 
blocks may be encoded using either a 1 -bit ECC algo- 
rithm or a 2-bit ECC algorithm will be described in ac- 
cordance with an embodiment of the present invention. 
A process 300 of initializing a memory system includes 
identifying static blocks in step 304. Identifying static 
blocks may generally include identifying blocks which 
are effectively not actively being used. Once static 
blocks are identified, unused blocks with relatively high 
erase counts are identified in step 308. Typically, iden- 
tifying the unused blocks with relatively htgh erase 
counts includes identifying a set of unused blocks which 
have the highest erase counts of all unused blocks as- 
sociated with a non-volatile memory of the memory sys- 
tem. 

[0046] After unused blocks with relatively high erase 
counts are identified, it is determined in step 31 2 wheth- 
er the average erase count associated with blocks of the 
non-volatile memory is greater than an erase count 
threshold. An average erase count indicates an average 
number of times usable blocks within the non-volatile 
memory have been erased, and is discussed in co- 
pending U.S. Patent Application No. 10/281.823. If it is 
determined that the average erase count is not greater 
than the erase count threshold, then the indication is that 



the contents of the static block may be encoded for stor- 
age into the unused blocks with relatively high erase 
counts using a 1-bit ECC algorithm. As such, process 
flow proceeds to step 328 in which the contents of the 
s static blocks arc decoded. It should be appreciated that 
the steps associated with decoding or reading from the 
static blocks may be the steps described above with re- 
spect to Fig. 2b. 

[0049] Upon decoding the contents of the static 

io blocks, the decoded contents are encoded in step 332 
using a 1-bit ECC algorithm. The encoded contents are 
then copied or otherwise stored into the unused blocks 
with the relatively high erase counts in step 336 ; and the 
process of initializing a memory system is completed. 

15 [0050] Returning to step 312, if it is determined that 
that the average erase count is greater than the erase 
count threshold, then the indication is that the unused 
blocks with the relatively high erase counts are all likely 
to have erase counts which are higher than the erase 

20 count threshold. As such, process flow proceeds from 
step 312 to step 31 6 in which the contents of the static 
blocks are decoded using either a 1 -bit ECC algorithm 
or a 2-bit ECC algorithm, as appropriate. Once the con- 
tents of the static blocks are decoded, the contents are 

25 encoded in step 320 using a 2-bit ECC algorithm. After 
the contents are encoded, the contents are copied or 
stored into the blocks with the relatively high erase 
counts in step 324, and the process of initializing a mem- 
ory system is completed. 

30 [0051] In one embodiment of the present invention 
reclaimed blocks may be in use. That is, blocks which 
were previously considered to be unusable blocks may 
be reclaimed for use after a rigorous testing process, 
particularly in the event that a pool of spare, usable 

35 blocks is insufficient. The managing of blocks which are 
identified as being unusable and the reclaiming of 
blocks which are identified as being unusable are dis- 
cussed in co-pending U.S. Provisional Patent Applica- 
tion No. 60/421,965. Rigorous testing processes may 

40 include testing blocks which have been identified as 
having growing defects, e.g., blocks which were previ- 
, ously usable but are no longer considered to be usable, 
by writing test contents into the blocks using a 2-bit ECC 
algorithm and reading test contents out of the blocks us- 

45 ing a 2-bit ECC algorithm. If a block which was identified 
as having a growing defect passes a rigorous testing 
process, then the block may once again be considered 
to be usable. If used, such blocks, however, are gener- 
ally written to and read from using a 2-bit ECC algorithm 

so to improve the integrity of the contents stored in the 
blocks. 

[0052] Fig. 4a is a diagrammatic block diagram rep- 
resentation of a process of reclaiming unusable blocks 
in accordance with an embodiment of the present inven- 
55 tion. A group or pool 402 of blocks 406 which are iden- 
tified as being unusable are tested using a tester 410 
when an attempt is made to reclaim at least some of the 
unusable blocks 406. The unusable blocks 406 may be 
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to increase the degree of parallelism in the execution of 
various memory operations. An example of the use of 
multiple sub -arrays is described in U.S. Patent No. 
5.B90 : 192, which is incorporated herein by reference in 
Us entirety. 

[0038] In one embodiment, non-volatile memory such 
as an MLC NAND memory is embedded into a system : 
e.g.. a host system. Fig. 1c is a diagrammatic represen- 
tation of a host system which includes an embedded 
non-volatile memory. A host or computer system 150 
generally includes a system bus 1 54 which allows a mi- 
croprocessor 158, a RAM 162, and input/output circuits 
166. among other components (not shown) of host sys- 
tem 150 ; to communicate. A non-volatile memory 174, 
e.g., a flash memory, allows information to be stored 
within host system 150. An interface 180 may be pro- 
vided between non-volatile memory 1 74 and bus 1 54 to 
enable information to be read from and written to non- 
volatile memory 174. 

[0039] Non-volatile memory 1 74 may be managed by 
microprocessor 1 58 which effectively executes either or 
both software and firmware which is arranged to control 
non-volatile memory 174. That is ; microprocessor 158 
may serve as a controller that runs code devices, i.e., 
software code devices or firmware code devices : which 
allow non-volatile memory 174 to be controlled. Such 
code devices, which will be described below, may ena- 
ble physical blocks in non-volatile memory 1 74 to be ad- 
dressed, and may enable information to be stored into, 
read from, and erased from the physical blocks. 
[0040] Within a memory system which uses a hybrid 
ECC implementation, before data may be written into a 
block, information associated with the block is typically 
obtained and studied to determine an appropriate ECC 
algorithm to use to encode the data that is to be written 
into the block. With reference to Fig. 2a, the steps with 
writing user data into a block using either a 1 -bit or 2-bit 
ECC will be described in accordance with an embodi- 
ment of the present invention. A process 200 of writing 
data begins at step 204 in which a block that is to be 
written into is identified. The block may be an unused 
block, e.g., a block obtained from a spare block pool, or 
the olock may be a block that is currently in use and is 
arranged to accept additional contents. Once the block 
is identified, the erase count for the block is read from 
an erase count block in step 208. An erase count block, 
as described in co-pending U.S. Patent Application No. 
10/281 ,626, is a data structure that is stored in non-vol- 
atile memory, and contains erase counts associated 
with substantially all usable blocks within a non-volatile 
memory. An erase count generally indicates a number 
of times a given block has been erased and, hence, pro- 
vides an indication of the lifetime of the block. 
[0041 ] After the erase count for the block is read, it is 
determined in step 212 whether the erase count is less 
than a threshold erase count. A threshold erase count 
may be an erase count that is specified by a user of a 
non-volatile memory system, or the threshold erase 



count may be a system parameter. The value of a 
threshold erase count may vary widely. By way of ex- 
ample, in an embodiment In which a block Is likely to no 
longer be usable after the block has been erased ap- 

5 proximately 1 0,000 times, a threshold erase count may 
be set at a value of between approximately 9.500 and 
approximately 9,800. More generally, a threshold erase 
count may be set at a value that is between approxi- 
mately two percent and approximately five percent less 

■»c than the erase count which is considered to determine 
the lifetime of a block. 

[0042] If it is determined in step 212 that the erase 
count of the block is less than the threshold erase count, 
then the indication is that contents, e.g., user data, to 

'£ be stored into the block are to be encoded using a 1 -bit 
ECC algorithm. Accordingly, in step 224, the contents 
that are to be stored into the block are encoded using a 
1 -bit ECC algorithm. Once the contents are encoded, 
the encoded contents are written into the block in step 

ze 228, and the process of writing contents into a block is 
completed. 

[0043] Returning to step 212, if the determination is 
that the erase count is not less than the threshold erase 
count, then the implication is that the block is nearing 

ss the end of its usable life. As such, the contents to be 
stored into the block are encoded in step 216 using a 
2-bit ECC algorithm. After the block contents are encod- 
ed, then in step 220, the encoded contents are written 

* into the block, and the process of writing contents into 

so a block is completed. 

[0044] When contents of blocks, i.e., physical blocks, 
within a memory system may be encoded using either 

1- bit or 2-bit ECC algorithms, before the contents may 
be accurately decoded, a determination is made regard- 

•35 ing which ECC algorithm was used to encode the con- 
tents. In other words, a process of reading contents of 
blocks generally includes identifying whether the con- 
tents were encoded using a 1-bit ECC algorithm or a 

2- bit ECC algorithm. Fig. 2b is a process flow diagram 
40 which illustrates the steps associated with one method 

of reading contents from a block within a system In which 
the contents may either be encoded using a 1 -bit ECC 
algorithm or a 2-bit ECC algorithm in accordance with 
an embodiment of the present invention. A process 240 

-*5 of reading the contents of a block begins at step 244 in 
which a block to be read is identified. The block may be 
obtained, in general, from a pool of blocks which are cur- 
rently in use. i.e., which are currently being used to store 
information. After the block is identified, an entry corre- 

50 spondirg to the block is identified in an erase count 
block in step 248. Typically, the entry for the block in the 
erase count block includes an erase count tor the block. 
[0045] In step 252, it is determined if the erase count 
of the block is below an erase count threshold, or the 

55 threshold which determines substantially when the con- 
tents of a block are to be encoded using a 1-bil ECC 
algorith-n or a 2-bit ECC algorithm. If it is determined 
that the erase count of the block is below the threshold, 
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[0063] Alternatively, if it is determined in step 562 that 
tne block is not a reclaimed block, then it is determined 
in step 566 whether the erase count of the block is below 
a threshold erase count. If it is determined that the erase 
count of the block is not below the threshold, then the 
indication is that the contents were encoded using a 
2-b»l ECC algorithm. As such, the data is decoded in 
step 574 using a 2-bit ECC algorithm. On the other hand, 
if it is determined that the erase count ot the block is 
below the threshold, then the data is decoded in step 
570 using a 1-bit ECC algorithm. After the data is de- 
coded, the process of reading data or contents from a 
block is completed. 

[0064] In general, a system initialization process for a 
system which allows for static block swapping and in- 
cludes blocks which may be reclaimed is different from 
a system initialization process for a system which allows 
for static block swapping but does not account for re- 
claimed blocks. With reference to Fig. 6, one method of 
initializing a memory system with a hybrid ECC imple- 
mentation that includes reclaimed blocks will be de- 
scribed in accordance with an embodiment of the 
present invention An initialization process 600 begins 
at step 604 in which static blocks are identified. Once 
the static blocks are identified, unused blocks with rela- 
tively high erase counts are identified in step 608. The 
unused blocks with relatively high erase counts are gen- 
erally arranged to be swapped with the static blocks 
such that the static blocks may be recycled or otherwise 
reused, while the contents of the static blocks are stored 
into the unused blocks with relatively high erase counts. 
[0065] A determination is made in step 612 regarding 
whether the average erase count associated with the 
memory system, which may be obtained from an erase 
count block, is greater than an erase count threshold. If 
it is determined that the average erase count is greater 
than the threshold erase count, then in step 616, any 
static blocks that are reclaimed blocks are identified. 
Such an identification may be made either by studying 
redundant areas associated with the static blocks, or by 
studying associated entries in an erase count block. 
[0066] After static blocks which have been reclaimed 
are identified the contents of the reclaimed static blocks 
are decoded using a 2-bit ECC algorithm in step 620. 
Then, in step 624, the contents of the remaining static 
blocks are decoded as appropriate. That is, the contents 
of remaining static blocks which have erase counts that 
arc loss than the threshold erase count are decoded us- 
ing a 1 -bit ECC algorithm, while the contents of remain- 
ing static blocks which have erase counts that are more 
than the threshold erase count are decoded using a 2-bit 
ECC algorithm. Once all contents of static blocks are 
decoded, the contents are encoded using a 2-bit ECC 
algorithm in step 628. and the encoded contents are 
stored into or copied into the blocks with the relatively 
high case counts in step 632. Upon copying the encod- 
ed contents into blocks, the system initialization process 
>s completed. 
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[0067] Returning to step 61 2 and the determination of 
whether an average erase count is greater than a 
threshold erase count, when it is determined that the av- 
erage erase count is not greater than the threshold 

5 erase count, then the indication is that the unused 
blocks with relatively high erase counts are likely to have 
erase counts which are less than the threshold erase 
count. As such, process flow moves from step 612 to 
step 636 in which unused blocks that are reclaimed 

10 blocks are identified. That is, the unused blocks with rel- 
atively high erase counts which have previously been 
reclaimed are identified. Once the unused blocks with 
relatively high erase counts that have previously been 
reclaimed are identified, any static blocks that are re- 

15 claimed blocks are identified in step 640. 

[0068] From step 640, process flow proceeds to step 
644 in which the contents of reclaimed static blocks are 
decoded using a 2-bit ECC algorithm. After the contents 
of the reclaimed static blocks are decoded, the contents 

20 of the remaining static blocks are decoded as appropri- 
ate in step 648. Typically, some of the static blocks may 
be decoded using a 1-bit ECC algorithm, while other 
static blocks may be decoded using a 2-bit ECC algo- 
rithm. Upon decoding the contents of the remaining stat- 
es ic blocks, any contents that are to be stored into re- 
claimed unused blocks are encoded in step 652 using 
a 2-bit ECC algorithm. In step 656, the contents which 
are to be stored in unused blocks which have not previ- 
ously been reclaimed are encoded using a 1-bit ECC 

30 algorithm. Once substantially all contents have been en- 
coded, the encoded contents are copied into their in- 
tended unused blocks with relatively high erase counts 
in step 660, and the initialization process is completed. 
[0069] In general, the functionality associated with im- 

35 plementing a hybrid ECC implementation is provided in 
software, e.g., as program code devices, or as firmware 
to a host system which includes a non-volatile memory 
or non-volatile memory component. One embodiment 
of a suitable system architecture associated with the 

40 software or firmware provided to a host system is shown 
in Fig. 7. A system architecture 700 generally includes 
a variety of modules which may include, but are not lim- 
ited to. an application interface module 704, a system 
manager module 708 s a data manager module 712, a 

45 data integrity manager 71 6, and a device manager and 
interface module 720. In general, system architecture 
700 may be implemented using software code devices 
or firmware which may be accessed by a processor, e. 
g., processor 108 of Fig. 1a. 

so [0070] In general application interface module 704 
may be arranged to communicate with a non -volatile 
memory such as a flash memory (not shown) or, more 
generally, a media, to initialize the media during the 
course of an initialization, or system formatting, request. 

55 Application interface module 704 may also read from, 
as well as write to, a sector, a cluster, or a page associ- 
ated with the media. Typically, in addition to communi- 
cating with a media, application interface module 704 is 
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identified in an erase count block as being jnusable. 
Typically, blocks with factory defects such as block 406c 
are not tested for possible reclamation as such blocks 
arc generally not reclaimable. Such blocks, e.g.. block 
406c. arc often identified as being unusable by a man- 5 
ufacturer. and may also include blocks which have pre- 
viously failed a reclamation process. 
[0053] Blocks with growing defects such as blocks 
406a . 406b may be subjected to testing by a tester 41 0 
to determine if at least some such blocks may be usable. io 
As shown, block 406a is reclaimed as block 406a'. By 
reclaiming block 406a as block 406a 1 , the indication is, 
in the described embodiment, that block 406a' has 
passed an encoding and decoding test using a 2-bit 
ECC algorithm. 15 
[0054] Once a block has been reclaimed, the block 
may be identified in an erase count block as having been 
reclaimed. Fig. 4b is a diagrammatic representation of 
a portion of an erase count block in accordance with an 
embodiment of the present invention. An erase count 20 
block 440 includes entries 442, 444 , 446 which corre- 
spond to different physical blocks within a non-volatile 
memory. In the described embodiment , although the 
number of bytes in each entry 442, 444, 446 is approx- 
imately three, the number of bytes associated with each 2s 
entry 442. 444. 446 may vary. 

[0055] As shown, a most significant bit associated 
with entry 442 is set to '0' to indicate that block 442 is 
usable The least significant bit or bits associated with 
entry 442 are the erase count for the block associated 30 
with entry 442. Hence, the block associated with entry 
442 is identified as being usable, and has an erase count 
of 200. Typically, a HEX value may be used to indicate 
the erase count, although for ease of discussion, the 
erase count is shown as being alphanumeric. It should 35 
be understood that the bits in entry 442 may generally 
be organized in a variety of different manners, i.e.. a bit 
other than the most significant bit may be set to indicate 
that the block associated with entry 442 is usable and a 
bits other than the least significant bits may be set to the *o 
erase count of the block. 

[0056] A most significant bit in entry 444 identifies a 
block which corresponds to entry 444 as having been 
reclaimed. The least significant bit or bits of entry 444 
identify the corresponding block as having an erase 
count of 9870. 

[0057] As previously mentioned, when a reclaimed 
block is used to store data, the data stored in the re- 
claimed block is generally encoded using a 2-bit ECC 
algorithm to ensure that the integrity of the data, irre- so 
gardless of whether the erase count of the reclaimed 
block is above an erase count threshold. Hence ; when 
a block is to be written to or read from within a system 
in which there may be reclaimed blocks, the reclaimed 
blocks are identified. Referring next to Fig. 5a, one r>5 
method of writing to a block within a system in which 
there may be reclaimed blocks and data may be encod- 
ed using either a 1-bit ECC algorithm or a 2-bit ECC al- 
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gorithm will be described in accordance with an embod- 
iment of the present invention. A process 500 of writing 
data begins at step 504 in which a block that is to be 
written to is identified. An entry which corresponds to 
the block is read from an erase count block in step 508. 
Typically, the entry includes an erase count tor the block 
and an indication of whether the block has been re- 
claimed. 

[005B] Once the entry which corresponds to the block 
is read in step 508, it is determined in step 512 whether 
the block is a reclaimed block. If it is determined that the 
block is a reclaimed block, then contents to be written 
to or stored in the block are encoded using a 2-bit ECC 
algorithm in step 51 6. After the contents are encoded, 
the. encoded contents are written into the block in step 
520, and the process of writing contents into a block is 
completed. 

[0059] Returning to step 512, if it is determined that 
the block is not a reclaimed block, then process flow 
moves to step 524 in which it is determined if the erase 
count for the block, which may be read from the erase 
count block in step 508, is less than a threshold erase 
count. When it is determined that the erase count for the 
block is not less than the threshold erase count, then 
the indication is that a 2-bit ECC algorithm is to be used 
to encode the contents to be stored into the block iden- 
tified in step 504. As such, process flow moves from step 
524 to step 51 6 in which the contents are encoded using 
a 2-bit ECC algorithm. 

[0060] Alternatively, if it is determined in step 524 that 
the erase count is not less than the threshold erase 
count, then the contents to be written into the identified 
block arc encoded using a 1 -bit ECC algorithm in step 
528. The encoded contents are then stored or written 
into the block in step 532, and the process of writing 
contents into a block is completed. 
[0061] Fig. 5b is a process flow diagram which illus- 
trates one method of reading contents from a block 
which may be a reclaimed block and may have contents 
that are encoded either using a 1-bit ECC algorithm or 
a 2-bit ECC algorithm in accordance with an embodi- 
ment of the present invention. A reading process 550 
begins at step 554 in which a block with contents to be 
read is identif ied. An entry that corresponds to the block 
is then identified in an erase count block in step 558. 
The entry generally includes an indication of whether the 
block is a reclaimed block, as well as an erase count for 
the block. 

[0062] After the entry corresponding to the block is 
identified, a determination is made in step 562 regarding 
whether the block is a reclaimed block. Typically, such 
a determination may be made by studying the entry 
identified or read from the erase count block in step 558. 
If it is determined that the block is a reclaimed block, 
then the contents stored in the block are decoded using 
a 2-bit ECC algorithm in step 574. Once the contents 
are decoded, the process of reading data or contents 
from a block is completed. 
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made regarding whether the indicatoi indicates that the 
data is to be encoded using a first algorithm. The data 
is encoded using the first algorithm when it is deter- 
mined that the data is lo be encoded using the first al- 
gorithm, after which point the data encoded using the 
first algorithm is written into the first block. 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0080] The present invention is related to co-pending 
U.S. Patent Application Nos. 10/281.739. 1C/281.823, 
10/281.670. 10/281.824, 10/281.631. 10/281,855. 
10/281762; 10/281,696. 10/281,626. and 1 0/281 : 804. 
as well as co-pending U.S. Provisional Patent Applica- 
tion Nos. 60/421 : 910. 60/421,725, 60/421.965, 
60/422.166. 60/421 .746 and 60/421 .911 , each filed on 
October 28. 2002, which are each incorporated herein 
by reference in their entireties. 



Claims 

1 . A method for storing data within a non-volatile mem- 
ory of a memory system, the method comprising: 

identifying a first block into which the data is to 
be stored; 

obtaining an indicator associated with the first 
block; 

determining when the indicator indicates that 
the data is to be encoded using a first algorithm; 
encoding the data using the first algorithm 
when it is determined that the data is to be en- 
coded using the first algorithm: and 
writing the data encoded using the first algo- 
rithm into the first block. 

2. The method of claim 1 further including: 

encoding the data using a second algorithm 
when it is determined that the data is not to be 
encoded using the first algorithm: and 
writing the data encoded using the second al- 
gorithm into the first block. 

3. The method of claim 2 wherein the indicator is ar- 
ranged to indicate when the block is a reclaimed 
block, wherein when the block is a reclaimed block, 

the indicator is further arranged to indicate that the 
data is to be encoded using the second algorithm. 

4. The method of claim 2 wherein the indicator is ar- 
ranged to indicate a number of times the block has 
been erased. 

5. The method of claim 4 wherein determining when 
tho indicator indicates that the data is to be encoded 
using the first algorithm includes: 
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determining when the indicator is less than a 
threshold value, wherein when the indicator is 
less than the threshold value, the data is to be 
encoded using the first algorithm. 

6. A method for reading data within a non-volatile 
memory of a memory system, the method compris- 
ing: 

>0 identifying a first block from which data is to be 

read; 

obtaining an indicator associated with the first 
block; 

determining when the indicator indicates that 
*5 the data stored in the first block has encoded 

using a first algorithm; and 
decoding the data using the first algorithm 
when it is determined that the data has been 
encoded using the first algorithm. 

20 

7. The method of claim 6 further including: 

decoding the data using a second algorithm 
when it is determined that the data has not been 
25 encoded using the first algorithm. 

8. The method of any ol claims 2 to 5 or 7 wherein the 
first algorithm is a 1-bit ECC algorithm and the sec- 
ond algorithm is a 2-bit ECC algorithm. 

30 

9. The method of claim 7 or 8 wherein the indicator is 
arranged to indicate when the block is a reclaimed 
block, wherein when the block is a reclaimed block, 
the indicator is further arranged to indicate that the 

35 data has been encoded using the second algorithm. 

10. The method of any of claims 7 to 9 wherein the in- 
dicator is arranged to indicate a number of times the 
block has been erased. 

40 

11. The method of claim 10 wherein determining when 
the indicator indicates that the data has been en- 
coded using the first algorithm includes: 

45 determining when the indicator is less than a 

threshold value, wherein when the indicator is 
less than the threshold value, the data has been 
encoded using the first algorithm. 

50 12. The method of any preceding claim wherein the in- 
dicator is arranged to indicate an approximately av- 
erage number of times physical blocks of the non- 
volatile memory have been erased. 

55 13. The method of any preceding claim wherein the in- 
dicator is stored in a data structure, the data struc- 
ture being substantially separate from the first 
block, and obtaining the indicator associated with 
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also in communication with system manager module 
708 and data manager module 712. 
[0071] System manager module 708 includes a sys- 
tem initialization submodule 724, an erase count block 
management submodule 726, and a power manage- 
ment block submodule 730. System initialization sub- 
module 724 is generally arranged to enable an initiali- 
zation request lo be processed, and typically communi- 
cates with erase count block management submodule 
726. System initialization module 724 is also arranged 
to resolve a one-to-many logical-to-physical block as- 
signment. 

[0072] Erase count block management submodule 
726 includes functionality to cause erase counts of 
blocks to be stored, and functionality to cause an aver- 
age erase count to be calculated, as well as updated, 
using individual erase counts. In other words, erase 
count block management submodule 726 effectively al- 
lows erase counts to be cataloged and allows an aver- 
age erase count to be maintained. Further, in one em- 
bodiment, erase count block management submodule 
726 also substantially synchronizes the erase count of 
substantially all blocks in an erase count block during a 
initialization request of an overall system. While erase 
count block management submodule 726 may be ar- 
ranged to cause an average erase count to be stored in 
an erase count block, it should be appreciated that pow- 
er management block submodule 730 may instead be 
used to enable the average erase count to be stored. 
[0073] In addition to being in communication with ap- 
plication interface module 704. system manager module 
708 is also in communication with data manager module 
712. as well as device manager and interface module 
720 Data manager module 712, which communicates 
with both system manager module 708 and application 
interface module 704, may include functionality to pro- 
vide sector mapping which effectively translates logical 
sectors into physical sectors. That is. data manager 
module 712 is arranged to map logical blocks into phys- 
ical blocks. Data manager module 71 2 may also include 
functionality associated with operating system and file 
system interface layers, and enables groups within 
blocks to be managed, as described in co-pending U.S. 
Patent Application No. 10/281,855, which is incorporat- 
ed herein by reference in its entirety. In one embodi- 
ment, data manager module 712 may be arranged to 
enable a substantially out-of-sequence write process to 
occur 

[0074] Device manager and interface module 720, 
which is in communication with system manager module 
708, data manager 7 12, and data integrity manager 716, 
typically provides a flash memory interface, and in- 
cludes functionality associated with hardware abstrac- 
tions, e.g., an I/O interface. Data integrity manager mod- 
ule 71 6 provides ECC handling, among other functions. 
[0075] Although only a few embodiments of the 
present invention have been described, it should be un- 
derstood that the present invention may be embodied 



in many other specific forms without departing from the 
spirit or the scope of the present invention. By way of 
example, a 1-bit ECC algorithm has been described as 
being suitable for use to encode contents of a block with 

s an erase count that is lower than an erase count thresh- 
old while a 2-bit ECC algorithm has been described as 
being suitable for use to encode contents of a block with 
an erase count that is higher than an erase count thresh- 
old. It should be appreciated, however that in some em- 

10 bodtments, a 2-bit ECC algorithm may be used to en- 
code contents of a block with an erase count that is lower 
than an erase count threshold and an algorithm with 
even higher accuracy than a 2 -bit ECC algorithm, e.g., 
a 3-bit ECC algorithm, may be used to encode contents 

'5 of a block with an erase count that is higher than the 
erase count threshold. 

[0076] Additionally, while ECC algorithms have gen- 
erally been described as being 1-bit ECC algorithms or 
2-bit ECC algorithms, the ECC algorithms may instead 

20 by 1 -symbol ECC algorithms or 2 -symbol ECC algo- 
rithms, respectively. Further, the actual ECC algorithms 
used may vary widely. Suitable ECC algorithms may in- 
clude, but are not limited to, Reed-Solomon algorithms, 
Hamming code algorithms, and binary Hamming Code 

25 algorithms. For instance, in one embodiment, a suitable 
1 -bit ECC algorithm may be a Hamming code algorithm 
while a suitable 2-bit ECC algorithm may be a Reed- 
Solomon algorithm. 

[0077] The steps associated with the various methods 
30 of the present invention may be widely varied. In gener- 
al, steps may be added, removed, reordered, and al- 
tered without departing from the spirit or the scope of 
the present invention. For instance, the processes of in- 
itializing a memory system which includes a hybrid ECC 
35 implementation may include erasing staticbtocks. In ad- 
dition, for embodiments in which reclaimed blocks may 
be used to store data, before determining whether a 
block has been reclaimed, it may first be determined 
whether the erase count for the block in question ex- 
ceeds an erase count threshold. Therefore, the present 
examples are to be considered as illustrative and not 
restrictive, and the invention is not to be limited to the 
details given herein, but may be modified within the 
scope of the appended claims. 
45 [0078] Each feature disclosed in this specification 
(which term includes the claims) and/or shown in the 

drawings may be incorporated in the invention inde- 
pendently of other disclosed and/or illustrated features. 

[0079] The text of the abstract filed herewith is repeat- 

50 ed here as part of the specification. 

Methods and apparatus for using different error 
correction code algorithms to encode and to decode 
contents of blocks within a non-volatile memory are dis- 
closed. According to one aspect of the present inven- 

55 tion, a method for storing data within a non-volatile 
memory includes identifying a first block into which the 
data is to be stored, and obtaining an indicator associ- 
ated with the first block. A determination may then be 
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ond algorithm when it is determined that the da- 
ta has not been encoded using the first algo- 
rithm. 

27. The memory system of claim 26 wherein the indi- 5 
cator is arranged to indicate when the block is a re* 
claimed block, wherein when the block is a re- 
claimed block, the indicator is further arranged to 
indicate that the data has been encoded using the 
second algorithm. 10 

28. The memory system of claim 26 wherein the indi- 
cator is arranged to indicate a number of times the 
block has been erased. 



29. The memory system of claim 28 wherein the code 
devices for determining when the indicator indi- 
cates that the data has been encoded using the first 
algorithm include: 



T5 



20 



code devices for determining when the indica- 
tor is less than a threshold value, wherein when 
the indicator is less than the threshold value, 
the data has been encoded using the first algo- 
rithm. 25 

30. The memory system of any of claims 1 7 to 22 or 24 
to 29 wherein the first algorithm is a 1-bit ECC al- 
gorithm and the second algorithm is a 2-bit ECC al- 
gorithm. 30 

31 . The memory system of claim 30 wherein the non- 
volatile memory is one of a NAND flash memory and 
an MLC NAND flash memory. 

35 



40 



45 



50 



55 
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24 



the block includes obtaining the indicator from the 
data structure. 

14. The method of any preceding claim wherein the 
non-volatile memory is a flash memory. 

15. The method of claim 14 whorein the flash memory 
is one ol a NAND flash memory and an MLC NANO 
flash memory. 

16. A memory system comprising: 

a non-volatile memory that includes a first block 

into which data is to be stored; 

moans that identify the first block 

means that obtain an indicator associated with 

the first block; 

means that determine when the indicator indi- 
cates that the data is to be encoded using a first 
algorithm; and 

means that encode the data using the first al- 
gorithm when it is determined that the data is 
to be encoded using the first algorithm. 

17. The memory system of claim 16 further including: 

means that encode the data using a second al- 
gorithm when it is delermined that the data is 
not to be encoded using the first algorithm; and 
means that write the data encoded using the 
second algorithm into the first block. 

18. The memory system of claim 1 6 or 1 7 wherein the 
means are code devices, the system further includ- 
ing a plurality of blocks, the plurality of blocks in- 
cluding the first block; 

code devices for writing the data encoded us- 
ing the first algorithm into the first block; and 

a memory area that stores the code devices. 

19. The memory system of claim 17 or 1 a wherein the 
indicator is arranged to indicate when the block is.a 
reclaimed block, wherein when the block is a re- 
claimed block, the indicator is further arranged to 

indicate that the data is to be encoded using the 

second algorithm. 

20. The memory system of any of claims 16 to 19 
wherein the indicator is arranged to indicate a 
number of times the block has been erased. 

21. The memory system of claim 20 when dependent 
on claim 1 B wherein the code devices for determin- 
ing when the indicator indicates that the data is to 
be encoded using the first algorithm include: 

code devices for determining when the indica- 
tor is less than a threshold value, wherein when 



the indicator is less than the threshold value, 
the data is to be encoded using the first algo- 
rithm 

s 22. The memory system of claim 1 6 wherein the non- 
volatile memory including a plurality of blocks, the 
blocks including the first block and a second block, 
the first biock including the first set of contents en- 
coded using a first algorithm, the second block in- 
fo eluding a second set of contents encoded using a 
second algorithm, wherein the non-volatile memory 
further includes a data structure that is arranged to 
indicate that the first set of contents is encoded us- 
ing the first algorithm and that the second set of con- 
's tents is encoded using the second algorithm: and 
wherein the system comprises: 

code devices for accessing the data structure, 
wherein the code devices for accessing the da- 

20 ta structure include code devices for determin- 

ing that the first set of contents is encoded us- 
ing the first algorithm and code devices for de- 
termining that the second set of contents is en- 
coded using the second algorithm; and 

25 a memory area that stores the code devices. 

23. A memory system comprising: 

a non-volatile memory that includes a first block 
30 from which data is to be read; 

means that identify the first block; 

means that obtain an indicator associated with 

the first block; 

means that determine when the indicator indi- 
35 cates that the data stored in the first block has 

been encoded using a first algorithm: and 
means that decode the data using the first al- 
gorithm when it is determined that the data has 
been encoded using the first algorithm. 

40 

24. The memory system of claim 23 further including: 

means that decode the data using a second al- 
gorithm when it is determined that the data has 
« not been encoded using the first algorithm. 

25. The memory system of claim 23 or 24 wherein: 

the non-volatile memory includes a plurality of 
50 blocks, the plurality of blocks including the first 

block, the first block including data; 
the means are code devices; and 
the system further comprises a memory area 
that stores the code devices. 

55 

26. The memory of claim 25 further including: 

code devices for decoding the data using a sec- 



13 



BNSOOCID <EP _ .1424631 Ai J > 



EP 1 424 631 A1 



150- 



r 



166 



INPUT/ 
OUTPUT 



r 



162 



RAM 



r 



158 



MICRO- 
PROCESSOR 



154 



7" 



r 

NON-VOLATILE 
MEMORY 



174 



180 



INTERFACE 
I 



2 



Fig. 



BNSDOCID. <EP . 1424M1A1 I > 



16 



EP 1 424 631 A1 



100- 



120-^ 
124 



INPUT/ 
OUTPUT 



RAM 



128- 
108 



MICRO- 
PROCESSOR 



NON-VOLATILE 
MEMORY 







MEMORY 
CONTROLLER 







130^ 



104 



INTERFACE 



Fig. U 



17- 



2U 



|^Aj3E_4 '^^user pataIoh| 

PAGE 5 ~I < 



PAGE 6 





\ 






BLOCK 0 


BLOCK 1 

\ A 


■ * » 


BLOCK N | 



ADDRESS 
DECODERS 



I 



PROGRAM AND 
READ 



a 



RAM 



CONTROLLER 



ECC 



120 



-124 




19 



128 

23 



Fig. A 



15 

BNSOOCID: <EP ....1424631A1 .1 > 



EP 1 424 631 A1 




IDENTIFY BLOCK TO BE READ . 






IDENTIF 
CORRESPONDINC 
ERASE COl 


Y ENTRY 

5 TO BLOCK IN AN , 
J NT BLOCK 


\ 


t 



OH 



is 

ERASE COUNi x yE c 
:OF BLOCK BELOW^ 
THRESHOLD 

? 



NO 



DECODE DATA IN BLOCK USING 1- 
B/T ECC 



DECODE DATA IN BLOCK USING 2- 
BITECC 




DONE 




DONE 



Fig. <2l 



BNSOOCID. <EP 



- .. H2463JA1 I > 



16 



EP 1 424 631 A1 



START 




IDENTIFY UNUSED BLOCKS WITH 
HIGH ERASE COUNTS 




DECODE CONTENTS OF STATIC 
BLOCKS 






ENCODE CONTENTS USING 2-BIT ECC 






COPY ENCODED CONTENTS INTO 
BLOCKS WITH HIGH ERASE COUNTS 








DONE 



IDENTIFY STATIC BLOCKS j- $ 0 tf 

I 



<3of 



DECODE CONTENTS OF STATIC 
BLOCKS 



333 



.ENCODE CONTENTS USING 1-BIT 
ECC 



JSC 



COPY ENCODED CONTENTS INTO 
BLOCKS WITH HIGH ERASE COUNTS 




DONE 



Fig. 3 



19 



BNSDOCID: <.EP _1424631A1 |_> 



EP 1 424 631 A1 




BLOCK WITH 
FACTORY 
DEFECT 



BLOCK WITH 1 
GROWING | 
DEFECT _ | 



Fig. V* 





00....0200 


10... 9870 


00... 02190 





Fig. % 



20 



EP 1 424 631 A1 







IDENTIFY BLOCK TO BE WRITTEN 
INTO 


i 




READ ENTRY FOR BLOCK FROM 
ERASE COUNT BLOCK 







soo 



-sar 




ENCODE CONTENTS WITH 2-BIT ECC 


M 1 










WRITE ENCODED CONTENTS INTO 

BLOCK j 





IS 

"ERASE COUNT* 
LESS THAN THE 
THRESHOLD 
ERASE 
COUNT? 



yes 




ENCODE CONTENTS WITH 1-BIT 
ECC 






WRITE ENCODED CONTENTS INTO 
BLOCK 


i 


f 



Fig. Sa 



21 



EP 1 424 631 A1 



START 




IDENTIFY BLOCK TO BE READ 



IDENTIFY ENTRY 
CORRESPONDING TO BLOCK IN AN 
ERASE COUNT BLOCK 



■ssr 




YES 



i 



DECODE DATA IN BLOCK USING 2- 
BIT ECC 




DONE 



DECODE DATA IN BLOCK USING 1- 
BIT ECC 




DONE 



Fig. 3* 



22 

BNSOOCIO- < EP 1424631A1 I , 



EP 1 424 631 A1 



START 




IDENTIFY STATIC BLOCKS 



IDENTIFY UNUSED BLOCKS WITH 
HIGH ERASE COUNTS 




IDENTIFY STATIC BLOCKS THAT ARE 
RECLAIMED BLOCKS 



J- 



61 0 



DECODE CONTENTS OF RECLAIMED 
STATIC BLOCKS USING 2-BIT ECC 



I 



6M 



DECODE CONTENTS OF REMAINING 
STATIC BLOCKS AS APPROPRIATE 



I 



car 



ENCODE CONTENTS USING 2-BIT 
ECC 



63* 



COPY ENCODED CONTENTS INTO 
BLOCKS WITH HIGH ERASE COUNTS 




DONE 



S 



(00 



•661 



■cot 



Fig. £ 



I. 



636 



IDENTIFY UNUSED BLOCKS THAT 
ARE RECLAIMED BLOCKS 



IDENTIFY STATIC BLOCKS THAT ARE 
RECLAIMED BLOCKS 



69V 



DECODE CONTENTS OF RECLAIMED 
STATIC BLOCKS USING 2-BIT ECC 



DECODE CONTENTS OF REMAINING 
STATIC BLOCKS AS APPROPRIATE 



AM 



ENCODE CONTENTS TO BE STORED 
INTO RECLAIMED BLOCKS USING 2- 
BIT ECC 



I 



est. 



ENCODE REMAINING CONTENTS 
USING1-BIT ECC 



r 



£&0 



COPY ENCODED CONTENTS INTO 
BLOCKS WITH HIGH ERASE COUNTS 




DONE 



BNSDOCID: <EP 1424631A1. I > 



23 



EP 1 424 631 A1 



700 




-708 



-712 



SYSTEM MANAGER ^ yjif 



SYSTEM INITIALIZATION 



ECBM 



UBM 



PMB 



726 



DATA MANAGER 



730 



DEVICE MANAGER AND INTERFACE 



716 



DATA INTEGRITY 
MANAGER 



: ---} J-J==l 



Fig.} 



BNSOOClD:vEP . 1424631 A 1 I. > 



24 



EP 1 424 631 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 25 6792 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 

to claim 



CLASSIFICATION OF THE 
APPLICATION (Int.CI./) 



US 6 G41 001 A (ESTAKHRI PETRO) 
21 March 2000 (2000-03-21) 



* column 1, line 52 - column 1, line 60 * 

* column 5, line 29 - column 6, line 4 * 

* coluim 6, line 60 - column 6, line 65 * 

* column 7, line 46 - column 9, line 17 * 

* coluim 10, line 20 - column 10, line 67 

* figures 5-8 * 

US 6 085 339 A (JE0DEL0H JOSEPH) 
4 July 2000 (2000-07-04) 



* column 3, line 12 - column 4, line 14 * 

* column 4, line 40 - column 5, line 47 * 

* column 7, line 62 - column 8, line 14 * 

* figure 1 * 

-/-- 



Trie present search report has been drawn jp tor all claims 



1.2,6,7. 
13-18, 
22-26.311 
3-5, 
8-12, 
19-21, 
27-30 



6G6F11/10 



1,2,6-8, 
13, 

16-18, 
22-26,30 
3-5, 
9-12.14. 
15, 

19-21, 
27-29,311 



TECHNICAL FIELDS 
SEARCHED flnta.7) 



G06F 



MUNICH 



DaJa of corrcWiun of tia starch 

2 Apri 1 2004 



Johansson, U 



CATEGORY OF crTEO DOCUMENTS 

X : port tarty relevant if token atono 

Y : particularly refcvant if combined with anothe 

document of the came category 
A : technological background 
O : n on- written disclosure 
3 : intermediate document 



T . theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing dale 
0 : document cited in the application 
L : document cited for other reason* 



& : member of the tome patent family, corresponefng 
document 



25 



BNSDOCID:<EP_. . 1424631A1 



EP 1 424 631 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 25 6792 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION tlntCI.7) 



US 4 785 452 A (PETZ BRUCE R ET AL) 
15 November 1988 (1988-11-15) 



* column 2, line 21 - column 4, line 32 * 

* column 5, line 3 - column 5, line 10 * 

* claim 10 * 

* figure 1 * 

US 5 961 660 A (CAPPS JR LOUIS BENN1E ET 
AL) 5 October 1999 (1999-10-05) 

* column 2, line 45 - column 3, line 3 * 

* column 3, line 37 - column 4, line 9 * 

* column 4, line 39 - column 4, line 61 * 

* figure 7 * 



The present search report has been drawn up (or ell claims 



1,2,6.7, 
13,16. 
17,23.24 
3-5, 
8-12,14, 
15, 

18-22, 
25-31 



1-31 



TECHNICAL RE LOS 

(lnl.a.7) 



P!bc o* March 

MUNICH 



Oati of corrpjtlcn «| (ho March 

2 April 2004 



Johansson, U 



CATEGORY OP CfTED DOCUMENTS 

X - particularly tUmvmrH Y taken atone 

Y particularly relevant if combined with another 

document of the tame category 
A . technological backgrounc 
O : noo-wmten disclosure 
P intermediate document 



T . theory or prna'&h underlying the invention 
E : ecuiier patent document, but pubtahed on, or 

After rh* filing dale 
D : oooumont oitcd In the application 
L : document crted tot other reasons 



a . member of the •erne patent Uuroty, corresponding 
document 



26 



BNSDOCID oEP 



1424631 A* I > 



EP 1 424 631 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 03 25 6792 



This annex tists the patent family men- here relating to the patenl documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP fife on 

The Curopean Patent CWioe a in no way liable for these particulars whioh ore merely given for the purpose of information. 

02-04-2004 



Patent document 




Pubhcation 


! 


Patent family 


Publication 


cited in search report 




date 


i . 


member(6) 


dale 


US 6041001 


A 


21-03-2000 


NONE 






US 6085339 


A 


04-07-2000 


US 


5905858 A 


18-05-1999 








US 


6363502 Bl 


26-03-2002 


US 4785452 


A 


15-11-1988 


CA 


1266528 Al 


06-03-1990 








DE 


3784181 Dl 


25-03-1993 








DE 


3784181 T2 


19-08-1993 








EP 


0242595 A2 


28-10-1987 








JP 


1840562 C 


25-04-1994 








JP 


5048502 B 


21-07-1993 








JP 


62257558 A 


10-11-1987 


US 5961660 


A 


05-10-1999 


NONE 







For more details about th'rs annex see Official Journal of the European Parent Office, No 12/32 



27 



U24631A1_I_> 



